[Abstract] We describe a water-based optical clearing agent, SeeDB (See Deep Brain), which clears fixed brain samples in a few days without quenching many types of fluorescent dyes, including fluorescent proteins and lipophilic neuronal tracers. SeeDB is a saturated solution of fructose (80.2% w/w) in water with 0.5% α-thioglycerol. In standard SeeDB optical clearing procedure, we treat paraformaldehyde-fixed embryo and brain samples with increasing concentrations of aqueous fructose solutions, and finally equilibrate them in SeeDB. The entire procedure takes approximately three days. Unlike previous methods, this method maintains a constant sample volume during the clearing procedure, an important factor to keep cellular morphology intact. After optical clearing, we can reach > 1,000 μm under confocal microscopy.
Figure 1. Equipment used for optical clearing. For efficient optical clearing, it is
important to shake samples in fructose solutions. We recommend using 50 ml conical centrifuge tube and overhead rotator for clearing large samples (e.g., whole-or hemi-brain samples). Fragile samples (e.g., brain slices) can be cleared in culture dishes and seesaw shaker. A. Overhead tube rotator, B. Seesaw shaker.
4. Seesaw shaker (for fragile samples) (Figure 1B) 5. Air incubator (optional, for SeeDB37 and SeeDB37ht protocols) 6. Coverslips (24 mm x 60 mm for small preparation and slices; 50 mm x 70 mm for whole-mount samples) (e.g., Matsunami Glass, catalog number: C050701) 7. Handmade glass bottom Petri dish (100 mm diameter) or a commercial glass bottom dish (MatTek, catalog number: P100G-1.5-30-F) 8. Silicone rubber sheet (optimal thickness should be chosen. For example, 6-mm-thick silicone sheet is recommended for 6-mm thick adult mouse brain.) (e.g., TOGAWA RUBBER, catalog number: K-125) 11. If the clarity is still not enough, incubate the sample further in ~20 ml SeeDB37 solution at 37 °C (in an air incubator) with gentle rotation for 24 h. We recommend this step for adult brain samples.
B. SeeDBp
Incubation schedule for SeeDBp is the same as the standard SeeDB protocol. To prevent sample expansion, 20% ,40%, 60%, and 80% fructose solutions are made in 0.1x PBS instead of distilled water.
C. SeeDB37ht
Note: Fluorescent proteins may be partially quenched. Some sample expansion may occur.
1. Fix the sample in 4% PFA at 4 °C with gentle shaking overnight.
2. Wash the sample in PBS three times (10 min each). 9. Incubate the sample in SeeDB37 at 50 °C for 24 h. Transfer the sample to 37 °C for preservation and imaging. Extension of incubation at 50 °C is not recommended.
Part II. Choice of objective lenses and imaging
Because refractive index of SeeDB is 1.49, it is important to choose appropriate objective lenses to minimize spherical aberration. In the two-photon microscopy, index-matched and long working distance customized objective lens is most ideal to obtain high-resolution images at millimeter-scale. We used custom-made objective lens from Olympus (it will be commercialized from Olympus). Commercial water or Scale immersion objective lens can be used for imaging up to 2-4 mm depth. In the confocal microscopy, a water-immersion objective lens (refractive index 1.33) works better than an air-immersion objective lens (refractive index 1.0) ( Figure 5 ). Glycerol/Oil immersion lenses are also suitable. Customized objective lens is not necessary for confocal imaging; we did not see obvious differences in resolution within 1 mm depth. When using an air or water-immersion lens, the imaging depth should be calibrated because an apparent axial scale is shortened in the SeeDB solution due to its high refractive index (refractive index 1.49). The maximum imaging depth possible is ~500 μm at spine resolution, ~1 mm at fiber resolution, and ~2 mm at cellular resolution. In the two-photon microscopy, the maximum imaging depth possible with commercial 25x objective lenses is ~1 mm at spine resolution and 3-4 mm at fiber resolution. When a commercial water-or air-immersion objective lens is used for imaging cleared samples, depth (z) needs to be calibrated. In order to obtain the correct z position in the sample, the real depth is calculated by multiplying the depth by nSeeDB and then dividing by nobjective, where n represents refractive index. nSeeDB = 1.49; nSeeDB37 = 1.50; nair = 1.0; nH2O = 1.33.
A. Imaging with upright microscopes

Recipes
Preparation of SeeDB
Dissolve D (-)-fructose completely in distilled water or 0.1x PBS at 65 °C. We recommend using 50 ml conical centrifuge tube. After cooling to 25 °C or 37 °C, add α-thioglycerol to 
Autofluorescence
Prolonged incubation in SeeDB will accumulate autofluorescence even with 0.5% α-thioglycerol. It is ideal to image samples soon after the clearing (within a few days). For long-term storage, samples should be recovered in PBS following exactly the reverse of the clearing process. No detergents and salts should be included in SeeDB (except for SeeDBp). PFA should be freshly prepared to minimize autofluorescence.
High temperature protocol (SeeDB37ht)
Incubation of the sample at higher temperature may result in mild sample expansion. To minimize the sample expansion, incubation time for 20-80% fructose should be minimized.
In the SeeDB37ht protocol, some fluorescent protein may be partially quenched.
In utero electroporation
Do not use FastGreen dye, because it will react with fructose and result in strong autofluorescence. We instead recommend 0.05% AlexaFluor 647-dextran when you need to visualize DNA solution.
Antibody staining
SeeDB can also be used to clear samples stained with antibodies, although penetration of antibodies is typically limited to 100-250 μm even after permeabilization step with Triton-X100. Because optical clearing with SeeDB is reversible, samples cleared with SeeDB can be restored in PBS and subsequently analyzed by immunohistochemistry in sections.
